Towards a New Perspective in Railway Vehicles and Infrastructure  by Zangani, Donato & Fuggini, Clemente
 Procedia - Social and Behavioral Sciences  48 ( 2012 )  2351 – 2360 











$ VXVWDLQDEOH DQG HIILFLHQW IUHLJKW WUDQVSRUW LQ (XURSH SOD\V D YLWDO UROH LQ KDYLQJ D VXFFHVVIXO DQG FRPSHWLWLYH
HFRQRP\+RZHYHULQWKHODVW\HDUVUDLOKDVEHHQGLVSODFHGIURPDGRPLQDQWSRVLWLRQDVURDGWUDQVSRUWVHUYLFHVKDYH
JURZQDQGGHYHORSHGLQFDSDELOLW\DQGOHYHOVRIVRSKLVWLFDWLRQWKDWKDYHQRWEHHQPDWFKHGE\UDLOVHUYLFHSURYLGHUV
7RDOORZUDLO LQGXVWU\ UHMRLQLQJDSULPDU\ UROHPHDQLQJIXOFKDQJHVDUHQHHGHGDQGDQHZSHUVSHFWLYHQHHGV WREH




LQ WKH UDLO IUHLJKW VHFWRU E\ DGRSWLQJ D KROLVWLF DSSURDFK DQG LPSOHPHQWLQJ D FOHDU PHWKRGRORJ\ WR GHYHORS
LQQRYDWLRQV LQERWK IUHLJKWYHKLFOHVDQG WUDFN LQIUDVWUXFWXUHFRPSRQHQWV7KLVGHOLEHUDWHDSSURDFKZLOO DFFRXQW IRU
LQQRYDWLRQV LQERWKYHKLFOHVDQGLQIUDVWUXFWXUH +LJKHUYHKLFOHVSHHGDQG LQFUHDVLQJD[OH ORDGZLOOEHDFKLHYHGE\
PHDQVRIQHZYHKLFOHV\VWHPGHVLJQDQGQRYHO OLJKWZHLJKWPDWHULDOVZKLOHKLJKHULQIUDVWUXFWXUHHIILFLHQF\ZLOOEH
DFKLHYHGE\PHDQVRIRSWLPL]HGWUDFNJHRPHWU\JURXQGVWDELOL]DWLRQDQGQRYHOPRQLWRULQJWHFKQLTXHV7KLVZLOOOHDG
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,QWURGXFWLRQ
5DLO WUDQVSRUW LVXQLTXH LQ LWVFRPSOH[LW\  ,W LV WKHRQO\ WUDQVSRUWDWLRQVHFWRU WKDWPXVWFRQVLGHU WKH
YHKLFOH WKH WUDQVSRUWDWLRQPHGLXP HJ WKH WUDFN DQG WKHQHWZRUN IORZV UHJXODWLRQV SURFHGXUHV LQ
SDUDOOHO 5DLO WUDQVSRUW LV DOVR XQLTXH LQ WKH GLYHUVLW\ RI RSHUDWLQJ SURFHGXUHV FRGHV UHJXODWLRQV
JXLGHOLQHVDQGEXVLQHVVPRGHOVDFURVV(8PHPEHUVWDWHV















7KLV FKDQJH LV RSSRUWXQLVWLF QHZ WHFKQRORJLHV DQG DGYDQFHPHQWV LQ FRPSXWDWLRQDO PHWKRGRORJLHV
GHVLJQ PHWKRGV KLJKSHUIRUPDQFH PDWHULDOV DOOR\V FRPSRVLWHV K\EULGV VHQVRUV DQG VHQVLQJ
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:LWKLQ WKLV FRQWH[W WKH FRIXQGHG (8 SURMHFW 68675$,/ ZZZVXVWUDLOHX KDV EHHQ UHFHQWO\
ODXQFKHG -XQH  E\ D PXOWLGLVFLSOLQDU\ FRQVRUWLXP RI  (XURSHDQ SDUWQHUV ZLWK D EDODQFHG
FRPELQDWLRQ RI LQIUDVWUXFWXUH PDQDJHUV IUHLJKW RSHUDWRUV DQG ,QGXVWU\ LQFOXGLQJ ODUJH DQG VPDOO
HQWHUSULVHV ZLWK VXSSRUW RI DFDGHPLD 68675$,/ ZLOO DLP DW LQFUHDVLQJ WKH 6XVWDLQDELOLW\
&RPSHWLWLYHQHVVDQG$YDLODELOLW\RI(XURSHDQUDLOZD\QHWZRUNV7KHSURMHFWNH\LQQRYDWLRQVVHH)LJXUH
DERYHZLOOEHGHYHORSHGDFURVVWKHVHWKUHHSDUDPHWHUV
+RZWKHVHHOHPHQWV ILW WRJHWKHUZLWKLQ68675$,/LVGHSLFWHG LQ)LJXUHEHORZZKHUH WKHSURMHFW
LQWHJUDWHG DSSURDFK LV RXWOLQHG 7KH SXUSRVH RI WKLV DSSURDFK LV WKDW LQQRYDWLRQV LQ UROOLQJ VWRFN DQG
IUHLJKW YHKLFOHVDUHFRPELQHGZLWK LQQRYDWLRQV LQ WKH WUDFNFRPSRQHQWV 6LPSO\ VD\LQJ LPSURYLQJ WKH
YHKLFOH SHUIRUPDQFH IRU H[DPSOH WKH ERJLHV FRPSRQHQWV ZLOO OHDG WR KDYH D IUHLJKW YHKLFOHV OHVV
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7KLVZLOOOHDGWRWKHIROORZLQJEHQHILWV













(QJLQHHUVKDYHZRUNHGKDUGRYHUPDQ\\HDUV WRSURGXFHHIIHFWLYHUXQQLQJJHDU IRU IUHLJKWYHKLFOHV
WU\LQJ WR VROYH WKHFKDOOHQJHRIFRQWUROOLQJ WKHYHKLFOHEHKDYLRU7UDGLWLRQDO IUHLJKW YHKLFOH VXVSHQVLRQ
VXFKDVWKH<VHH)LJXUHFRPPRQLQ(XURSHRUWKHWKUHHSLHFHERJLHXELTXLWRXVLQDOOKHDY\KDXO








LPSURYHPHQWV UHJDUGLQJ ODWHUDO WUDFN IRUFHV ZHDU DQG WUDFWLRQ UHVLVWDQFH  +RZHYHU WKH VHYHUH FRVW
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0RUHRYHU FORVH WR WKH ERJLH UHTXLUHPHQWV D IXUWKHU RSSUHVVLQJ LVVXH LV UHSUHVHQWHG E\ WKH QHHG WR
DOLJQZKHHOVHWVWRDPRUHUDGLDOSRVLWLRQLQDFXUYHWRUHGXFHUROOLQJUHVLVWDQFHLQORQJIUHLJKWWUDLQVDQG
DOVR WR UHGXFHZKHHO DQG UDLO GDPDJH KDV UHVXOWHG LQ YDULRXV VWHHULQJ V\VWHPV0HFKDQLFDO OLQNDJHVRU
HYHQ K\GUDXOLF V\VWHPV KDYH EHHQ XVHG EXW WKH PRVW VXFFHVVIXO LV SUREDEO\ WKH µ6FKHIIHO¶ V\VWHP RI


















ZLOOEH LQYHVWLJDWHGDFFRXQWLQJ IRUDVSHFWV VXFKDV WKHXVHRIQRYHOPDWHULDOV DOORZLQJ IRUD OLJKWHU
GHVLJQ FKDUDFWHUL]HG E\ UHGXFHG HQHUJ\ FRQVXPSWLRQ ORZHU &2 HPLVVLRQV DQG ORZHU PDLQWHQDQFH
FRVWV
&RQFHUQLQJWKHERJLHWKHSURSRVHGDSSURDFKLVWRZDUGVWKHDGRSWLRQRIQRYHOPDWHULDOVFKDUDFWHUL]HG
E\ PRUH IDYRUDEOH VSHFLILF SURSHUWLHV ZLWK UHVSHFW WR ZHLJKW ERWK LQ WKH PDLQ VWUXFWXUH DQG LQ WKH
VXEFRPSRQHQWVVXFKLQVXVSHQVLRQVWRZDUGVWKHXVHRIK\GUDXOLFGDPSHUVXVHRIHODVWRPHULFPDWHULDOV
DQGUHGXFWLRQRIFRPSRQHQWVIRUDQLQFUHDVHGUHOLDELOLW\)ULFWLRQGDPSLQJZKLFKKDVEHHQXVHGIRURQH






WKH SURGXFWLRQ RI WKH FRPSRQHQWV RI WKH ERG\ DQG ERJLH RI UDLO YHKLFOHV LQFOXGH LQ SDUWLFXODU
K\GURIRUPLQJ ZKLFK FRQVLVWV LQ RQH VWHS RI D PDQXIDFWXULQJ SURFHVV ZKLFK LQFOXGH LQ RUGHU SUH
EHQGLQJ SUHIRUPLQJ K\GURIRUPLQJ K\GURSLHUFLQJ DQG 7ULP DQG:DVK VHH )LJXUH +\GURIRUPLQJ
FDQEHXVHG IRU WKHSURGXFWLRQRI WXEXODUFRPSRQHQWVRI WKH IUHLJKW YHKLFOHFKDUDFWHUL]HGE\HQKDQFHG










RIFKRLFH )UHLJKWFDUV IRUKHDY\ ORDGVDUHJHQHUDOO\FRQVWUXFWHGXVLQJVWHHOZHOGHGHOHPHQWV /LJKWHU
PDWHULDOV IRU WKH FDU ERG\ VKRXOG EH FRQVLGHUHG ZKHQ DLPLQJ IRU LQFUHDVHG VSHHG DQG LQFUHDVHG








:DJRQ ERG\ZDV EDVHG RQ ODUJHVFDOH ILODPHQWZLQGLQJ WHFKQRORJ\+RZHYHU WKH G\QDPLF DQG FUDVK
SHUIRUPDQFH RI WKLV VWUXFWXUH ZDV IRXQG WR EH XQVDWLVIDFWRU\ 7KH +<&2352' ERG\ SLFWXUHG
VXFFHVVIXOO\PHW WKHVWUXFWXUDO UHTXLUHPHQWVRI WKHDSSOLFDWLRQEXW WKHGHYHORSPHQWZDVSUHGRPLQDQWO\
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IRFXVHG RQPDQXIDFWXULQJ WHFKQRORJLHV DQG RQO\ UHVXOWHG LQ D GHPRQVWUDWLRQ VHFWLRQ RI DURXQG P LQ







7KH XVH RI OLJKWZHLJKW PDWHULDO ZRXOG EULQJ LPSRUWDQW EHQHILWV WR WKH IUHLJKW YHKLFOHV  /LJKWHU








EHGHPRQVWUDWHRYHU WKHZKROH OLIH VSDQRI WKHYHKLFOHE\PHDQVRID UHOLDELOLW\EDVHG DSSURDFK WREH
XVHG IRU D SUHGLFWLYH DVVHVVPHQW RI WKH ORQJ WHUP EHKDYLRXU RI WKH YHKLFOH LWV VXEFRPSRQHQWV DQG LWV
ERG\VKHHO QHHG WR EH DFFRXQWHG IRU 7KLV DSSURDFK ZLOO DFFRXQW IRU PDWHULDO SURSHUWLHV GHWHULRUDWLRQ
SURFHVVHV ORDGVLQWHUPVRIPDJQLWXGHVHIIHFWVDQGFRPELQDWLRQVDQGWKHLUHYROXWLRQRYHUWKHZKROH
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7UDFNDQG,QIUDVWUXFWXUH
&RQVLGHULQJPDLQWHQDQFHDQGUHQHZDOFRVWVRIDW\SLFDOUDLOZD\WUDFNDQGVXEVWUXFWXUHUHSUHVHQWV±
 RI WKH WRWDO FRVWV ,QQRYDWLRQV LQ WUDFN DQG VXEVWUXFWXUH DUH WKHUHIRUH IXQGDPHQWDO WR DFKLHYH D
VLJQLILFDQW LPSDFWRQ WKHRYHUDOO FRVW UHGXFWLRQ IRU WKH UDLOZD\V 7KH UHVHDUFKZLWKLQ68675$,/ZLOO













,QQRYDWLYH VROXWLRQV DUH DLPHG DW RSWLPL]LQJ PDLQWHQDQFH DFWLYLWLHV LPSURYLQJ HIILFLHQF\ DQG
LQFUHDVLQJ SHUIRUPDQFH RYHU WKH OLIHF\FOH RI D W\SLFDO UDLOZD\ WKXV UHGXFLQJ WKH LPSDFW RQ WKH WRWDO
FRVWVRIWUDFNVDQGVXEVWUXFWXUHV,QQRYDWLYHPDWHULDOVDUHRQHIDFHRIWKLVDSSURDFK7KHVHFRQGLVWKH
XVH RI DSSURSULDWH PRQLWRULQJ WHFKQLTXHV IRU FRQGLWLRQ EDVHG PDLQWHQDQFH LQ YLHZ RI D SUHGLFWLYH
DVVHVVPHQW RI WKH UDLOZD\ V\VWHP EHKDYLRXU RYHU LWV OLIHWLPH 7R WKLV HQG DSSURSULDWH GHVLJQ
PHWKRGRORJLHVQHHGWREHGHYHORSPHQWDFFRXQWLQJIRUPDWHULDOSURSHUWLHVGHWHULRUDWLRQSURFHVVHVORDGV
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ORDG HIIHFWV DQG ORDG FRPELQDWLRQV 7KH DELOLW\ LV WR ILW WKHVH GLIIHUHQW SDUDPHWHUV LQWR FRPSXWDWLRQDO
PHWKRGVZKLFKDLPDW UHGXFLQJ WKHPRGHOXQFHUWDLQWLHVDOORZLQJ IRUPRUH UHOLDEOH VROXWLRQV 7RPDNH
WKLV SURFHVV HIIHFWLYH SHUIRUPDQFH EDVHGGHVLJQ PHWKRGV QHHG WR EH DFFRXQWHG IRU DV WKH\ DOORZ
FKDUDFWHUL]LQJDOO WKHYDULDEOHV LQYROYHG LQ WKHGHVLJQRI WKHV\VWHPDVSUREDELOLVWLFYDULDEOHVHYROYLQJ
DFFRUGLQJWRDVSHFLILHGSUREDELOLW\GHQVLW\IXQFWLRQ3')
7KH SURJUHVV IURP D GHWHUPLQLVWLF DSSURDFK DOORZDEOH VWUHVV WR D SUREDELOLVWLF DSSURDFK LV ZHOO
GHSLFWHGLQ)LJXUHEHORZ















PLGGOH SORW RI )LJXUH  WR D SUREDELOLVWLF RQO\ DSSURDFK LV WKH LQWURGXFWLRQ RI UHOLDELOLW\ EDVH GHVLJQ
ULJKWSORWRI)LJXUHZKLFKDOORZVDFFRXQWLQJIRUGHVLJQSDUDPHWHUVDVLQGHSHQGHQWYDULDEOHVKDYLQJD
*DXVVLDQGLVWULEXWLRQ7KHKHDUWRIWKHDQDO\VLVLVWKHFRQVWUXFWLRQRIWKHSUREDELOLVWLFHYDOXDWLRQWKDWDQ
HQFRXQWHUHG ORDG / PD\ H[FHHG D VWUXFWXUHV DELOLW\ WR FDUU\ WKDW ORDG LH LWV UHVLVWDQFH 5 ZKLFK LV
UHSUHVHQWHG E\ WKH RYHUODSSLQJ SRUWLRQ RI WKH 3') FXUYHV RI )LJXUH  7KH SUREDELOLW\ WKDW WKH ORDG
H[FHHGWKHVWUXFWXUHDELOLW\ WRFDUU\WKDW ORDGLH WKHVWUXFWXUHUHVLVWDQFHUHSUHVHQWVWKHIDLOXUHVWDWHRI
WKHV\VWHPRU3IDLO,QDQ\UHOLDELOLW\EDVHGGHVLJQDSSURDFKWKH3IDLOLVHVWLPDWHGYLDWKHFDOFXODWLRQRID
UHOLDELOLW\ LQGH[ ȕZKLFKFRXOGEHRIVWRUGHU WKH VRFDOOHG)250PHWKRGVRURIQGRUGHU6250
PHWKRGVGHSHQGLQJ WLOOZKLFKRUGHURI WKH7D\ORUVHULHVH[SDQVLRQ WKH OLPLWVWDWH IXQFWLRQV* 5/ LV
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$VGHVFULEHGWKHHPSOR\PHQWRIUHOLDELOLW\EDVHGGHVLJQDOORZVWKHHVWLPDWLRQRIDOOIDLOXUHPRGHVIRU
HDFK HOHPHQW RU FRPSRQHQW RI D V\VWHP  +RZHYHU LW LV FOHDU WKDW WKLV DSSURDFK DOWKRXJK YHU\
SHUIRUPLQJ LW LV DOVR YHU\ FRPSOH[ 7DNLQJ LQWR DFFRXQW VRPH HIIRUWV WKH UDLO VHFWRU KDV FDUU\LQJ RQ
68675$,/ZLOOGHWHUPLQHZKDWIDLOXUHPRGHVIRUZKDWFRPSRQHQWVDVDSDUWRIZKLFKV\VWHPVDUHKLJK
LPSDFW ZLWK UHVSHFW WR WKH SURMHFW FRUH SLOODUV RI VXVWDLQDELOLW\ FRPSHWLWLYHQHVV DQG DYDLODELOLW\









ODXQFKHG DLPLQJ DW JLYLQJ D FRQWULEXWLRQ WR LPSURYH WKH SHUIRUPDQFH RI IUHLJKW UDLO 68675$,/ ZLOO
LPSOHPHQW D FRPELQHG DSSURDFK WR LQQRYDWLRQ LQ UROOLQJ VWRFN E\ GHYHORSLQJ DGYDQFHG YHKLFOHV
FRPSRQHQWV DQG VXEFRPSRQHQWV FRQFHSWV XVLQJ LQQRYDWLYH PDWHULDOV DQG SURGXFWLRQ SURFHVVHV
5HOLDELOLW\ EDVHG GHVLJQ ZLOO EH HPSOR\HG DLPHG DW UHGXFLQJ XQFHUWDLQWLHV RSWLPL]LQJ PDLQWHQDQFH
DFWLYLWLHVDQGWKXVUHGXFLQJOLIHF\FOHFRVWVRQWKHZKROHOLIHVSDQRIDW\SLFDOUDLOZD\V\VWHPLQFOXGLQJ
ERWKYHKLFOHDQGLQIUDVWUXFWXUH )LQDOO\68675$,/ZLOOGHOLYHUWKHLGHDOFRPELQDWLRQRIQRYHO IUHLJKW
YHKLFOHGHVLJQFRXSOHGZLWKQRYHOVXVWDLQDEOHWUDFNFRQFHSWVDQGDGYDQFHGFRPSXWDWLRQDOPHWKRGVZLWK
UHVSHFWWRWKHSURMHFWFRUHSLOODUVRIVXVWDLQDELOLW\FRPSHWLWLYHQHVVDQGDYDLODELOLW\
$FNQRZOHGJHPHQWV
7KHSDUWLDOIXQGLQJVXSSRUWRI(XURSHDQ*UDQW6&32*$LQVXSSRUWRIWKH68675$,/
SURMHFWLVJUDWHIXOO\DFNQRZOHGJHGDVLVWKHFRQWULEXWLRQRIDOOSURMHFWSDUWQHUVOLVWHGDWZZZVXVWUDLOHX
5HIHUHQFHV
(QHYROGVHQ,3UDFWLFDOLPSOHPHQWDWLRQRISUREDELOLW\EDVHGDVVHVVPHQWPHWKRGVIRUEULGJHV3URFHHGLQJVRIWKH)RXUWK
,QWHUQDWLRQDO&RQIHUHQFHRQ%ULGJH0DLQWHQDQFHDQG6DIHW\6HRXO.RUHD,$%0$6¶.H\QRWH

(XURSHDQ&RPPLVVLRQ:KLWH3DSHU5RDGPDSWRD6LQJOH(XURSHDQ7UDQVSRUW$UHD±7RZDUGVDFRPSHWLWLYHDQGUHVRXUFH
HIILFLHQWWUDQVSRUWV\VWHP

+HFKW01HZ)UHLJKW%RJLHLVDQ,PSRUWDQW&RQWULEXWLRQIRU*URZWKRI5DLO)UHLJKW(XURSHDQ5DLOZD\5HYLHZS

,11275$&.3URMHFWKWWSZZZLQQRWUDFNHX

3LWDUUHVL*&DUUXWKHUV--5RELQVRQ$07RUUH*.HQQ\-0,QJOHWRQ69HOHFHOD2)RXQG06$FRPSDUDWLYHHYDOXDWLRQRI
FUDVKZRUWK\FRPSRVLWHVDQGZLFKVWUXFWXUHV&RPSRVLWH6WUXFWXUHV9ROSS

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